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SYSTEMAND METHOD FOR LUBRICATING 
PLAIN BEARINGS 

BACKGROUND 

0001. The present disclosure relates generally to rotary 
components and, more particularly, to a system and method 
for lubricating plain bearings in oscillatory motion. 
0002 Mechanical bearings are used to support rotating 
equipment across a wide variety of industries, including 
amusement parks, manufacturing, automotive, computer 
hardware, industrial automation, and so forth. Bearing sys 
tems typically employ one or more rotating components that 
are lubricated to minimize friction between a rotating com 
ponent (e.g., shaft) and a stationary component (a component 
that is generally stationary relative to the rotating compo 
nent). For example, roller bearing assemblies often include 
multiple roller bearings seated between rotating and station 
ary components. Traditionally, plain bearing systems often 
use a single lubricated cylindrical bearing disposed between 
the rotating component and an external stationary compo 
nent. 

0003 Bearing systems operate more efficiently when they 
are adequately lubricated. Oil or grease is applied to the 
bearings to help prevent dents or other deformations from 
forming on the bearings, stationary components, and rotating 
components. Such deformations can lead to inefficient opera 
tion of the bearing systems and the larger mechanical systems 
that they support. Once lubricant is applied to the bearing 
system, the bearings within the system mechanically apply 
and distribute the lubricant throughout the system. However, 
in bearing systems where the rotating components undergo 
oscillatory and/or very small rotations, it is now recognized 
that the bearings might not be able to adequately distribute the 
lubricant. Thus, it is now recognized that there exists a need 
for improved methods for lubricating bearing systems that 
facilitate oscillatory motion. 

BRIEF DESCRIPTION 

0004. In accordance with one aspect of the present disclo 
Sure, a system includes a plain bearing assembly configured 
to enable rotation of a shaft about a bearing system axis of the 
shaft. The plain bearing assembly includes the shaft, a cylin 
drical intermediate bearing disposed about the shaft, and an 
external bearing disposed about the intermediate bearing. The 
plain bearing assembly is configured to facilitate oscillatory 
motion of the shaft relative to the external bearing such that, 
when the shaft rotates in a first direction about the bearing 
system axis, the intermediate bearing rotates about the bear 
ing system axis in the first direction, and when the shaft 
rotates in a second direction opposite the first direction about 
the bearing system axis, rotation of the intermediate bearing 
about the bearing system axis is resisted or prevented. 
0005. In accordance with another aspect of the present 
disclosure, a bearing system includes a shaft axially aligned 
with a bearing system axis, a first collar disposed about and 
coupled to the shaft, a cylindrical intermediate bearing dis 
posed about the shaft, a first friction or interlocking Sprag 
including a first end rotatably coupled to the first collar and a 
second end in contact with a contact Surface of the interme 
diate bearing, and a stationary external bearing disposed 
about the intermediate bearing. The first Sprag is configured 
to engage the contact Surface of the intermediate bearing in a 
manner that encourages rotation of the intermediate bearing 

Sep. 10, 2015 

in a first direction about the bearing system axis when the 
shaft is rotating in the first direction. The first Sprag is con 
figured to slide relative to the contact surface of the interme 
diate bearing to prevent or resist rotation of the intermediate 
bearing in a second direction about the bearing system axis 
when the shaft is rotating in the second direction opposite the 
first direction. 

0006 Present embodiments also provide a method for 
lubricating a plain bearing assembly. The method includes 
facilitating oscillatory rotation of a shaft about a bearing 
system axis of the shaft. The shaft is configured to rotate 
relative to a stationary element via a plain bearing assembly. 
The plain bearing assembly includes a collar disposed on the 
shaft, a cylindrical intermediate bearing disposed about the 
shaft, and an external bearing disposed about the intermediate 
bearing. The method also includes allowing the intermediate 
bearing to rotate about the bearing system axis in a first 
direction when the shaft rotates in the first direction about the 
bearing system axis. In addition, the method includes resist 
ing rotation of the intermediate bearing about the bearing 
system axis in a second direction opposite the first direction 
when the shaft rotates in the second direction about the bear 
ing System axis. 

DRAWINGS 

0007. These and other features, aspects, and advantages of 
the present invention will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 
0008 FIG. 1 is a front view of a rolling bearing element 
assembly configured to provide lubrication during oscillatory 
motion, in accordance with an embodiment of the present 
techniques; 
0009 FIG. 2 is a perspective cutaway view of the rolling 
bearing element assembly of FIG. 1, in accordance with an 
embodiment of the present techniques; 
0010 FIG. 3 is radial cross sectional view of the rolling 
bearing element assembly of FIG. 1, in accordance with an 
embodiment of the present techniques; 
0011 FIG. 4 is a radial cross sectional view of a sealed 
rolling bearing element assembly, in accordance with an 
embodiment of the present techniques; 
0012 FIG. 5 is a front schematic view of the rolling bear 
ing element assembly of FIG. 1, in accordance with an 
embodiment of the present techniques; 
0013 FIG. 6 is a process flow diagram of a method for 
lubricating a rolling bearing element assembly during oscil 
latory motion, in accordance with an embodiment of the 
present techniques; 
0014 FIG. 7 is an exploded perspective view of a cylin 
drical plain bearing assembly configured to provide lubrica 
tion during oscillatory motion, inaccordance with an embodi 
ment of the present techniques; 
0015 FIG. 8 is an exploded perspective view of a cylin 
drical plain bearing assembly configured to provide lubrica 
tion during oscillatory motion, inaccordance with an embodi 
ment of the present techniques; 
0016 FIG. 9 is an exploded perspective view of a cylin 
drical plain bearing assembly configured to provide lubrica 
tion during oscillatory motion, inaccordance with an embodi 
ment of the present techniques; 
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0017 FIG. 10 is an exploded perspective view of a spheri 
cal plain bearing assembly configured to provide lubrication 
during oscillatory motion, in accordance with an embodiment 
of the present techniques; and 
0018 FIG. 11 is a process flow diagram of a method for 
lubricating a plain bearing assembly during oscillatory 
motion, in accordance with an embodiment of the present 
techniques. 

DETAILED DESCRIPTION 

0019 Presently disclosed embodiments are directed to 
systems and methods for lubricating bearings within a plain 
bearing assembly configured to Supportarotary element (e.g., 
shaft) in oscillatory motion. The plain bearing assembly 
includes a shaft configured to rotate, an external bearing 
configured to remain stationary, and a cylindrical intermedi 
ate bearing disposed therebetween. The shaft, the intermedi 
ate bearing, and the external bearing may all be aligned with 
each other along a bearing system axis. The plain bearing 
assembly is generally configured such that, when the shaft is 
rotated in a first direction about the bearing system axis, the 
intermediate bearing also rotates around the bearing system 
axis in the first direction. However, when the shaft is rotated 
in a second direction opposite the first direction, the plain 
bearing assembly prevents the intermediate bearing from 
rotating about the bearing system axis in the second direction. 
That way, when the shaft oscillates, the intermediate bearing 
disposed between the shaft and the external bearing only 
moves about the bearing system axis in a single direction. 
0020. The presently disclosed embodiments may provide 
relatively increased distribution and reapplication of lubri 
cant (e.g., oil, grease, etc.) between the shaft, the intermediate 
bearing, and the external bearing, as compared to systems that 
allow the intermediate bearing to oscillate about the bearing 
system axis with the shaft. Current plain bearing systems that 
allow the intermediate bearing to oscillate back and forth with 
the shaft may encounter certain difficulties leading to ineffi 
cient bearing operation. For example, if the angular rotation 
of the shaft about the bearing system axis is Small, the inter 
mediate bearing may not move far enough to pick up and 
redistribute lubricant located between the bearings. This 
could lead to inadequate lubrication of the bearings and inef 
ficient operation of the plain bearing assembly. Presently 
disclosed embodiments include entirely mechanical compo 
nents that facilitate motion of the intermediate bearing injust 
a single direction rotating about the bearing system axis, 
instead of the oscillatory motion described above, thereby 
increasing the mechanical application of lubricantthroughout 
the bearing system. 
0021 FIG. 1 is a schematic illustration of one such bearing 
assembly 10 that transfers oscillatory motion of attached 
rotary equipment into one directional motion of rolling bear 
ing elements 12 disposed therein. The illustrated bearing 
assembly 10 includes an inner race 14, an outer race 16, the 
plurality of rolling bearing elements 12 disposed between the 
inner and outer races 14 and 16, a bearing cage 18, and a 
plurality of indexing elements (e.g., Sprags 20). The entire 
bearing assembly 10 is arranged concentrically about a bear 
ing system axis 22. 
0022. In some embodiments, the inner race 14 is coupled 
to rotary equipment, such as a rotating shaft, during operation 
of the rolling bearing element assembly 10, and the outer race 
16 is coupled to stationary equipment used to support the 
rotary equipment. Although the following discussion gener 
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ally focuses on the bearing assembly 10 being driven by 
rotary equipment coupled to the inner race 14, it should be 
noted that, in other embodiments, the rolling bearing element 
assembly 10 may be driven by rotary equipment coupled to 
the outer race 16. 
0023 The rolling bearing elements 12 disposed between 
the races 14 and 16 may include ball bearings (arranged in a 
single row or double rows), cylindrical bearings (e.g., pins), 
tapered rollerbearings, needle roller bearings, spherical roller 
bearings, and any other type of rolling bearing element 12 
configured to be disposed between inner and outer races of a 
rolling bearing element assembly 10. The type of rolling 
bearing elements 12 used may be decided based on the 
expected loads on the rolling bearing element assembly 10. 
There may be any desirable number of rolling bearing ele 
ments 12 positioned in the rolling bearing element assembly 
10. 

0024. Different configurations of the rolling bearing ele 
ment assembly 10 may be used in different embodiments as 
well. For example, the disclosed rolling bearing element 
assembly 10 may be used in a radial loading configuration 
(e.g., Supporting a rotating axle) or in a thrust loading con 
figuration (e.g., vertically aligned rotary equipment). The 
rolling bearing element assembly 10 may promote one direc 
tional revolution of the rolling bearing elements 12 between 
the races 14 and 16 during oscillatory motion as well as 
during pre-loading of the rolling bearing element assembly 
10. 

0025. The bearing cage 18, illustrated as a line in FIG. 1, 
may include any desired structure that extends between the 
rolling bearing elements 12 and is coupled to all the rolling 
bearing elements 12. The bearing cage 18 may allow rotation 
of the rolling bearing elements 12 relative to the bearing cage 
18 while keeping the rolling bearing elements 12 positioned 
circumferentially about the bearing system axis 22. This may 
promote balanced distribution of forces within the bearing 
assembly 10 as it is driven by rotary equipment. In the illus 
trated embodiment, multiple Sprags 20 are coupled to the 
bearing cage 18. It should be noted that any desired number of 
sprags 20 may be positioned circumferentially about the bear 
ing assembly 10. Each sprag 20 may be rotatably coupled to 
the bearing cage 18 (e.g., via pins 23) at a first end 24 and be 
configured to engage the driven race (e.g., inner race) at a 
second end 26 opposite the first end 24. The sprags 20 may be 
spring-loaded to rotate in a particular direction about this 
rotational coupling. In the illustrated embodiment, for 
example, the Sprags 20 may be spring-loaded to rotate coun 
terclockwise about the rotational coupling (e.g., pin 23), in 
order to maintain the second end 26 in engagement with the 
inner race 14. In some embodiments, the Sprags 20 may each 
include an integral spring mechanism for spring-loading the 
Sprag about the rotational coupling. In other embodiments, 
each of the Sprags 20 may be spring-loaded via a separate 
spring coupled to the Sprag 20. 
0026. The term "sprag may refer to an asymmetrically 
shaped indexing element that is spring-loaded and shaped to 
contact at least one contact Surface of another component of 
the bearing assembly 10. The illustrated embodiment 
includes several asymmetric (e.g., teardrop) shaped sprags 
20, each with a rounded leading edge at the first end 24 and a 
tapered trailing edge at the second end 26. The trailing edge 
may be specifically shaped to interlock with teeth or to 
increase a frictional force between the Sprag 20 and the Sprag 
contact Surface. Although illustrated as using one or more 
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Sprags 20 to index components of the rolling bearing element 
assembly 10, it should be noted that any other desirable 
spring-loaded indexing element may be used in other 
embodiments. 

0027. The illustrated bearing assembly 10 may enable the 
rolling bearing elements 12 to revolve about the bearing sys 
tem axis 22 in one direction, regardless of the direction of 
rotation of the driven inner race 14. Specifically, when the 
inner race 14 rotates in a first direction indicated by arrow 28 
(e.g., clockwise), the Sprags 20 engage with a contact Surface 
of the inner race 14. In presently disclosed embodiments, the 
Sprag 20 may be spring-loaded. More specifically, a spring or 
other biasing feature biases each sprag 20 against the contact 
Surface, and africtional force locks the Sprags 20, the attached 
bearing cage 18, and the rolling bearing elements 12 into 
rotation in the first direction 28 as well. When the inner race 
14 rotates in a second direction 30 (e.g., counterclockwise) 
opposite the first direction 28 about the bearing system axis 
22, the inner race 14 slides past the sprags 20. The sprags 20 
may be specifically shaped to minimize friction between the 
Sprag 20 and the inner race 14, thereby enabling this sliding 
motion between the inner race 14 and the Sprag 20, in one 
direction and to increase friction between the sprag 20 and the 
inner race 14 in the opposite direction. In some embodiments, 
as described below, the sprag 20 and the contact surface 
engaged by the Sprag 20 may include a positive interlock 
(e.g., ratcheting) mechanism to provide this one directional 
engagement. 
0028 FIG. 2 is a perspective cutaway view of an embodi 
ment of the rolling bearing element assembly 10 of FIG. 1. 
The illustrated embodiment shows an arrangement of the 
Sprags 20 rotatably coupled to the bearing cage 18 via pins 23. 
The bearing cage 18 may extend along the entire circumfer 
ence of the annular region between the inner race 14 and the 
outer race 16. In the illustrated embodiment, the bearing cage 
18 is configured to surround the rolling bearing elements 12 
and to fill a space between each adjacent pair of rolling 
bearing elements 12, in order to keep the rolling bearing 
elements 12 circumferentially spaced about the bearing sys 
tem axis 22. 

0029. In the illustrated embodiment, a groove 48 formed 
in the inner race 14 provides a contact surface 50 for the 
Sprags 20. In some embodiments, the groove 48 is not 
included and the contact surface 50 is flush with an outer 
boundary of the inner race 14 (or the outer race 16 in other 
embodiments). The sprags 20 may be biased toward the con 
tact surface 50 so that a frictional force between the sprags 20 
and the contact Surface 50 maintains the two components in 
engagement with one another as the inner race 14 rotates in 
the first direction 28. In some embodiments, the contact sur 
face 50 may be textured to increase the frictional force 
between the contact surface 50 and the sprags 20. As dis 
cussed above, the Sprags 20 are shaped to allow the inner race 
14 to slip past the Sprags 20 as the inner race 14 rotates in the 
opposite direction. 
0030. It should be noted that both the inner race 14 and the 
outer race 16 are collared in the illustrated embodiment. That 
is, each of the inner race 14 and the outer race 16 include 
collars that define grooves 48 on both sides of the rolling 
bearing elements 12. This may enable relatively flexible 
designs of the sprag 20/contact surface 50 interface to accom 
modate different configurations of the rolling bearing ele 
ment assembly 10. For instance, in embodiments where the 
outer race 16 is driven instead of the inner race 14, the Sprags 
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20 may be rotatably coupled to the bearing cage 18 in an 
opposite direction such that they extend into the groove 48 of 
the outer race 16 to engage a contact Surface of the outer race 
16. In either configuration (inner race 14 driven or outer race 
16 driven), the sprags 20 may be disposed on both sides of the 
bearing cage 18 between the inner and outer races 14 and 16. 
This may provide redundancy and a balance of internal forces 
within the rolling bearing element assembly 10. 
0031. Other variations of the sprag 20 and contact surface 
50 may be used in other embodiments. For example, FIG. 3 
illustrates a radial cross sectional view of an embodiment of 
the rolling bearing element assembly 10 featuring Sprags 20 
rotatably coupled to the inner race 14 and the contact surface 
50 disposed on the bearing cage 18. More specifically, the 
rolling bearing element assembly 10 may include an extended 
portion 56 coupled to the inner race 14 and extending toward 
the outer race 16. The sprag 20 is coupled to the extended 
portion 56 via a pin 58, or some other rotatable connection. In 
addition, it should be noted that the sprag 20 may be attached 
to the outer race 16 in embodiments where the outer race 16 
is the drive portion of the rolling bearing element assembly 
10. 

0032. In still other embodiments, the rolling bearing ele 
ment assembly 10 may be sealed, as illustrated in FIG. 4, via 
a seal 60 configured to rotate with the inner race 14 (or outer 
race 16, depending on which one is driven), and the Sprags 20 
may be mounted to an inside surface of the seal 60 and 
configured to engage a contact surface 50 of the bearing cage 
18. In the illustrated embodiment, two seals 60 are included, 
one on each side of the rolling bearing element assembly 10. 
However, in other embodiments, the seal 60 may be located 
just on one side of the rolling bearing element assembly 10. In 
the illustrated embodiment, the seals 60 are coupled to the 
inner race 14 and extend toward the outer race 16. However, 
this may be reversed in other embodiments. In some embodi 
ments, the seal 60 of the rolling bearing element assembly 10 
may be made from Steel, wire, rubber, or some combination 
thereof. In addition, some embodiments may include one or 
more seals 60 that extend from one race (e.g., inner race 14 or 
outer race 16) into contact with the opposite race (e.g., outer 
race 16 or inner race 14). 
0033. As noted above, some embodiments of the rolling 
bearing element assembly 10 may utilize a positive interlock 
mechanism to revolve the rolling bearing elements 12 about 
the bearing system axis 22 in a single direction. FIG. 5 illus 
trates one such embodiment of the rolling bearing element 
assembly 10. In this embodiment, the positive interlock 
mechanism is a ratcheting assembly including the Sprags 20 
and a contact surface 50 equipped with ratcheting teeth 70. 
Each sprag 20 may be spring-loaded to keep the second end 
26 of the sprag 20 biased toward the teeth 70, such that the 
sprag 20 interlocks with the teeth 70 when the inner race 14 
rotates in the first direction 28, while allowing the teeth 70 to 
slip past the sprag 20 when the inner race 14 rotates in the 
second direction 30. 

0034. As discussed above, other arrangements of the roll 
ing bearing element assembly 10 may be used in other 
embodiments. For example, in embodiments where the outer 
race 16 is driven by the rotary component, the teeth 70 may be 
disposed on a surface of the outer race 16 and the sprags 20 
may be reversed so that the second end 26 of the sprags 20 
interlock with the teeth 70. Still further, in other embodi 
ments, the teeth 70 may be disposed on a surface of the 
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bearing cage 18, while the Sprags 20 may be coupled to the 
inner race 14, the outer race 16, or the seal 60 configured to 
rotate with the driven race. 
0035. The teeth 70 may be sized and spaced around the 
contact surface 50 of the inner race 14 appropriately for the 
desired rotary application. That is, the teeth 70 may be 
arranged about the inner race 14 at a certain number of 
degrees about the bearing system axis 22 relative to each 
other. The number of degrees may be scalable and related to 
the relative size of components in the rolling bearing element 
system 10. Such as a radius of the inner race 14, a radius of the 
outer race 16, a radius of the rolling bearing element 12, and 
a shape of the Sprag 20. 
0036 FIG. 6 illustrates a method 90 for lubricating the 
rolling bearing element assembly 10 used in oscillating rotary 
applications. The method 90 includes facilitating (block 92) 
oscillatory rotation of a rotary element (e.g., shaft coupled to 
the inner race 14) about the bearing system axis 22. The 
method 90 also includes allowing (block 94) the rolling bear 
ing elements 12 to revolve (via rotation relative to the station 
ary race) about the bearing system axis 22 in the first direction 
28 when the rotary element rotates in the first direction 28. As 
discussed above, this may involve engaging the spring-loaded 
Sprag 20 coupled to the bearing cage 18 (and the rolling 
bearing elements 12) with the contact surface 50 of the inner 
race 14 when the rotary element rotates in the first direction 
28. In addition, the method 90 includes providing resistance 
to or preventing (block 96) the rolling bearing elements 12 
from revolving about the bearing system axis 22 in the second 
direction 30 when the rotary element rotates in the second 
direction 30. This may involve sliding the contact surface 50 
of the inner race 14 relative to the sprags 20 when the rotary 
element rotates in the second direction 30. 

0037. It should be noted that in the embodiments disclosed 
above, the rolling bearing elements 12 may revolve slightly in 
the second direction 30 in response to the rotary element 
rotating in the second direction 30. However, the distance of 
this revolution may be negligible in comparison with the 
revolution of the rolling bearing elements 12 in the first direc 
tion 28, as permitted by the sprags 20 and the contact surface 
50. In addition, the rolling bearing elements 12 themselves 
are permitted to rotate about their own axes, regardless of 
whether or in what direction the bearing cage 18 and the 
rolling bearing elements 12 are revolving about the bearing 
system axis 22. 
0038 Similar techniques may be applied to bearing sys 
tems that include cylindrical plain bearings disposed directly 
over the shaft or other rotary element. As an example, FIG. 7 
is an exploded perspective view of a plain bearing assembly 
110 that uses an arrangement of cylindrical plain bearings 
elements to allow a shaft 112 to rotate relative to a stationary 
component Supporting the shaft 112. The plain bearing 
assembly 110 may be used for radial loading, thrust loading, 
or any other desired bearing configuration. The illustrated 
plain bearing assembly 110 may include, among other things, 
the shaft 112, a collar 114 attached to the shaft 112, an 
intermediate cylindrical bearing 116, and an external cylin 
drical bearing 118. 
0039. The collar 114 is disposed about and coupled to the 
shaft 112, and the collar 114 is configured to be disposed 
adjacent the intermediate bearing 116 disposed about the 
shaft 112. The intermediate bearing 116 is configured to 
freely rotate between the rotating shaft 112 and the stationary 
external bearing 118, in order to reduce the friction between 
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the rotating shaft 112 and stationary equipment. Grease, or 
Some other lubricant, may be pumped into a space between 
the intermediate bearing 116 and the external bearing 118, 
between the intermediate bearing 116 and the shaft 112, or 
both. As the shaft 112 rotates in an oscillating motion, the 
plain bearing assembly 110 encourages one directional rota 
tion of the intermediate bearing 116 about the bearing system 
axis 22, in order to keep the lubricant evenly distributed 
between the bearing elements. 
0040. As discussed above with reference to the rolling 
bearing element assembly embodiments, a combination of 
the sprag 20 and the appropriate contact surface 50 may 
enable transfer of oscillatory rotation of a rotary component 
(e.g., shaft 112) to one-directional rotation of a bearing com 
ponent (e.g., rolling bearing elements 12 or intermediate 
bearing 116). In the illustrated embodiment, the sprags 20 are 
disposed on and rotatably coupled to the collar 114 of the 
shaft 112. The Sprags 20 are configured to engage the contact 
surface 50, which is part of the intermediate bearing 116. In 
the illustrated embodiment, the contact surface 50 includes 
teeth 70 for providing a ratcheting (e.g., interlock) engage 
ment between the sprags 20 and the contact surface 50. In 
other embodiments, such as the embodiment illustrated in 
FIG. 8, the contact surface 50 may be a relatively flat surface 
119, and africtional force between this contact surface50 and 
the sprags 20 may provide the one directional rotation of the 
intermediate bearing 116. 
0041. In FIGS. 7 and 8, the plain bearing assembly 110 is 
configured such that, when the shaft 112 rotates in the first 
direction 28 (e.g., clockwise) about the bearing system axis 
22, the Sprags 20 engage the contact surface 50 and urge, or 
allow, the intermediate bearing 116 to rotate in the first direc 
tion 28 with the rotating shaft 112. When the shaft 112 rotates 
in the second direction 30 (e.g., counterclockwise) about the 
bearing system axis 22, the Sprags 20 slip past the contact 
surface 50, thereby preventing or resisting rotation of the 
intermediate bearing 116 in the second direction 30 along 
with the rotating shaft 112. Thus, the illustrated embodiments 
facilitate the rotation of the intermediate bearing 116 prima 
rily in the first direction 28, even while the shaft 112 exhibits 
oscillating rotation about the bearing system axis 22. 
0042. To facilitate increased distribution and mechanical 
application of the lubricant in the plain bearing assembly 110. 
the intermediate bearing 116 may include distribution fea 
tures configured to distribute the lubricant between the inter 
mediate bearing 116 and the external bearing 118, between 
the intermediate bearing 116 and the shaft 112, or both. For 
example, in the illustrated embodiment, the intermediate 
bearing 116 includes directional flow grooves 120 formed 
therein, although other types of distribution features may be 
used in other embodiments. The grooves 120 may extend part 
of the way into the intermediate bearing 116 in some embodi 
ments. Similar grooves 120 may also be present along a 
surface of the intermediate bearing 116 facing the shaft 112, 
in order to provide lubrication between the shaft 112, the 
intermediate bearing 116, and the external bearing 118. In 
embodiments with relatively lighter loads on the plain bear 
ing assembly 110, the grooves 120 may extend entirely 
through the intermediate bearing 116, such that the interme 
diate bearing 116 has rungs arranged in a cylindrical shape. 
0043. The directional flow grooves 120 may be shaped 
specifically to aid application of the lubricant as the interme 
diate bearing 116 rotates in the first direction 28. In the 
illustrated embodiment, for example, the grooves 120 follow 
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a curved profile, where a concave side of the curved profile 
faces the first direction 28 in which the intermediate bearing 
116 is configured to rotate. In other embodiments, the grooves 
120 may be formed in a “Chevron shape', similar to a 
V-shaped pattern. Other shapes and profiles of the grooves 
120 may be used in different embodiments to promote the 
distribution of lubricant in the plain bearing assembly 110. 
0044. In some embodiments, it may be desirable to pro 
vide redundancy to the main sprag 20 and contact surface 50 
mechanism between the shaft-mounted collar 114 and the 
intermediate bearing 116. FIG. 9 illustrates en embodiment of 
the plain bearing assembly 110 that includes an additional set 
of Sprags 20 configured to engage with another contact Sur 
face 50. More specifically, the first sprag 20 and contact 
surface 50 coupling between the shaft 112 and the interme 
diate bearing 116 may be supplemented via a second sprag 20 
and contact surface 50 coupling between the intermediate 
bearing 116 and the external bearing 118. In the illustrated 
embodiment, the second set of Sprags 20 are mounted to the 
intermediate bearing 116 via a collar 122 disposed on and 
coupled to the intermediate bearing 116, and the second con 
tact surface 50 includes a relatively flat surface 124 disposed 
on an edge of the external bearing 118. However, in other 
embodiments, different arrangements of these components 
may be used. For example, the second contact surface 50 of 
the external bearing 118 may include teeth 70, similar to the 
first contact surface of the intermediate bearing 116. 
0045. The second set of sprags 20 and the contact surface 
50 coupled between the intermediate and exterior bearings 
116 and 118 may be positioned in a way that prevents or 
resists rotation of the intermediate bearing 116 in the second 
direction 30 about the bearing system axis 22. If the first set of 
sprags 20 do not slip past the teeth 70 of the first contact 
surface 50 as desired when the shaft 112 rotates in the second 
direction 30, then the second set of Sprags 20 may engage the 
contact surface 50 of the external bearing 118 to prevent or 
resist rotation of the intermediate bearing 116 in the second 
direction 30 along with the shaft 112. When the shaft 112 and 
the intermediate bearing 116 rotate together in the first direc 
tion 28, the second set of Sprags 20 may simply slip over the 
contact surface 50 of the exterior bearing 118. Thus, the 
second set of Sprags 20 and the contact Surface 50 may pro 
vide redundancy the primary set of Sprags 20 and the corre 
sponding contact surface 50 between the shaft 112 and the 
intermediate bearing 116. 
0046 Similar techniques may be applied to other types of 
plain bearing assemblies 110 in addition to plain cylindrical 
bearings. For example, FIG. 10 illustrates an embodiment of 
the plain bearing assembly 110 being used to provide one 
directional motion of the intermediate bearing 116 relative to 
a spherical external bearing 130. In this embodiment, the 
shaft 112 may rotate in either direction, but the cylindrical 
intermediate bearing 116 may rotate primarily in the first 
direction 28 between the spherical external bearing 130 and 
the shaft 112. As discussed above with reference to FIG.9, the 
exterior portion of the spherical bearing 130 may include 
teeth 70, the frictional flat surface 124, or sprags 20 config 
ured to engage with the intermediate portion of the spherical 
bearing 130, in order to keep this intermediate portion from 
rotating about the bearing system axis 22 in the second direc 
tion 30. 

0047 FIG. 11 illustrates a method 150 for lubricating the 
plain bearing assembly 110 used in oscillating rotary appli 
cations. The method 150 includes facilitating (block 152) 
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oscillatory rotation of the shaft 112 about the bearing system 
axis 22. The method 150 also includes allowing (block 154) 
the intermediate bearing 116 to rotate about the bearing sys 
tem axis 22 in the first direction 28 when the shaft 112 rotates 
in the first direction 28. In addition, the method 150 may 
include picking up and redistributing (block 156) lubricant 
between the intermediate bearing 116 and the external bear 
ing 118 via the grooves 120 formed in the intermediate bear 
ing 116, when the intermediate bearing 116 is rotating in the 
first direction 28. Further, the method 150 includes providing 
resistance to or preventing (block 158) the intermediate bear 
ing 116 from rotating about the bearing system axis 22 in the 
second direction 30 when the shaft 112 rotates in the second 
direction 30. It should be noted that in the embodiments 
disclosed in above, the intermediate bearing 116 may rotate 
slightly in the second direction 30 in response to the shaft 112 
rotating in the second direction 30. However, the distance of 
this revolution may be negligible in comparison with the 
distance of rotation of the intermediate bearing 116 in the first 
direction 28, as permitted by the sprags 20 and the contact 
Surface 50. 
0048 While only certain features of the present embodi 
ments have been illustrated and described herein, many modi 
fications and changes will occur to those skilled in the art. It 
is, therefore, to be understood that the appended claims are 
intended to cover all Such modifications and changes as fall 
within the true spirit of the present disclosure. 

1. A system, comprising: 
a plain bearing assembly configured to enable rotation of a 

shaft about a bearing system axis of the shaft, wherein 
the plain bearing assembly comprises the shaft, a cylin 
drical intermediate bearing disposed about the shaft, and 
an external bearing disposed about the intermediate 
bearing; 

wherein the plain bearing assembly is configured to facili 
tate oscillatory motion of the shaft relative to the exter 
nal bearing such that, when the shaft rotates in a first 
direction about the bearing system axis, the intermediate 
bearing rotates about the bearing system axis in the first 
direction, and when the shaft rotates in a second direc 
tion opposite the first direction about the bearing system 
axis, rotation of the intermediate bearing about the bear 
ing system axis is resisted or prevented. 

2. The system of claim 1, wherein the plain bearing assem 
bly comprises a first Sprag configured to engage with a first 
contact surface to facilitate rotation of the intermediate bear 
ing about the bearing system axis when the shaft is rotating in 
the first direction and to prevent rotation of the intermediate 
bearing about the bearing system axis in the second direction 
when the shaft is rotating in the second direction. 

3. The system of claim 2, wherein the first sprag is coupled 
to the shaft via a collar disposed about and coupled to the 
shaft, and wherein the first contact surface is disposed on the 
intermediate bearing. 

4. The system of claim 2, wherein the first sprag is coupled 
to the intermediate bearing and wherein the first contact sur 
face comprises a surface of a collar disposed about and 
coupled to the shaft. 

5. The system of claim 2, wherein the first sprag and the 
first contact surface are configured Such that africtional force 
between the first sprag and the first contact surface holds the 
first Sprag and the first contact Surface in engagement. 

6. The system of claim 2, wherein the first contact surface 
comprises ratchet teeth for interlocking with the first sprag. 
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7. The system of claim 2, wherein the plain bearing assem 
bly comprises a second Sprag configured to engage with a 
second contact Surface to prevent rotation of the intermediate 
bearing about the bearing system axis in the second direction, 
wherein the second Sprag extends from the intermediate bear 
ing and the second contact surface is on the external bearing. 

8. The system of claim 7, wherein the first sprag is oriented 
in a first direction to index with the first contact surface, and 
wherein the second sprag is oriented in a second direction 
opposite the first direction to index with the second contact 
Surface. 

9. The system of claim 1, wherein the external bearing 
comprises a cylindrical bearing. 

10. The system of claim 1, wherein the external bearing 
comprises a spherical bearing. 

11. A bearing system, comprising: 
a shaft axially aligned with a bearing system axis; 
a first collar disposed about and coupled to the shaft; 
a cylindrical intermediate bearing disposed about the shaft; 
a first Sprag comprising a first end rotatably coupled to the 

first collar and a second end in contact with a contact 
Surface of the intermediate bearing; 

a stationary external bearing disposed about the interme 
diate bearing; 

wherein the first Sprag is configured to engage the contact 
Surface of the intermediate bearing in a manner that 
encourages rotation of the intermediate bearing in a first 
direction about the bearing system axis when the shaft is 
rotating in the first direction, and wherein the first sprag 
is configured to slide relative to the contact surface of the 
intermediate bearing to prevent or resist rotation of the 
intermediate bearing in a second direction about the 
bearing system axis when the shaft is rotating in the 
second direction opposite the first direction. 

12. The bearing system of claim 11, wherein a frictional 
force between the second end of the first sprag and the contact 
surface of the intermediate bearing facilitates rotation of the 
intermediate bearing in the first direction when the shaft is 
rotating in the first direction. 

13. The bearing system of claim 11, wherein the contact 
Surface of the intermediate bearing comprises ratchet teeth, 
and wherein the first Sprag is spring-loaded to interlock with 
the teeth when the shaft is rotating in the first direction. 

14. The bearing system of claim 11, comprising a second 
collar disposed about and coupled to the intermediate bear 
ing, and a second Sprag comprising a first end rotatably 
coupled to the second collar and a second end in contact with 
a contact Surface of the external bearing, wherein the second 
Sprag is configured to engage the contact Surface of the exter 
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nal bearing to prevent the intermediate bearing from rotating 
in the second direction about the bearing system axis when 
the shaft is rotating in the second direction. 

15. The bearing system of claim 11, wherein the interme 
diate bearing comprises distribution features configured to 
facilitate distribution of lubricant between the intermediate 
bearing and the external bearing, between the intermediate 
bearing and the shaft, or both. 

16. The bearing system of claim 15, wherein the distribu 
tion features comprise grooves formed in the intermediate 
bearing. 

17. The bearing system of claim 16, wherein the grooves 
extend through the intermediate bearing between the shaft 
and the external bearing. 

18. The bearing system of claim 16, wherein each of the 
grooves comprise a curved profile, wherein a concave side of 
the curved profile faces the first direction. 

19. A method, comprising: 
facilitating oscillatory rotation of a shaft about a bearing 

system axis of the shaft, wherein the shaft is configured 
to rotate relative to a stationary element via a plain 
bearing assembly, wherein the plain bearing assembly 
comprises a collar disposed on the shaft, a cylindrical 
intermediate bearing disposed about the shaft, and an 
external bearing disposed about the intermediate bear 
ing: 

allowing the intermediate bearing to rotate about the bear 
ing system axis in a first direction when the shaft rotates 
in the first direction about the bearing system axis; and 

resisting rotation of the intermediate bearing about the 
bearing system axis in a second direction opposite the 
first direction when the shaft rotates in the second direc 
tion about the bearing system axis. 

20. The method of claim 19, comprising picking up and 
redistributing lubricant between the intermediate bearing and 
the external bearing via grooves formed in the intermediate 
bearing, when the intermediate bearing is rotating in the first 
direction. 

21. The method of claim 19, wherein allowing the inter 
mediate bearing to rotate about the bearing system axis in the 
first direction comprises engaging a Sprag coupled to the 
collar with a contact surface coupled to the intermediate 
bearing when the shaft rotates in the first direction, and 
wherein resisting rotation of the intermediate bearing com 
prises sliding the contact Surface of the intermediate bearing 
relative to the sprag when the shaft rotates in the second 
direction. 


